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Preface 
 
 
This book is a collection of the edited extended abstracts1 presented at the ECCOMAS 
Thematic Conference on Meshless Methods, held at the National Civil Engineering 
Laboratory, in Lisbon, Portugal, during 11-14 July 2005.  
Over the past decade, meshless/meshfree methods have emerged as effective numerical 
techniques for solving science and engineering problems.  
The number of approaches/methods that have recently been proposed is an evidence of 
the growing interest of the engineering community worldwide on these types of numerical 
techniques. Various scientific meetings have been organized in recent years that were 
totally or at least partially devoted to this area of knowledge and a large number of papers 
have been published in prestigious journals. 
The diversity of the proposals (both in terms of approaches being used and type of 
application) in the papers selected for this Conference is a reflex of the vitality of this area 
of research. All main meshless approaches, ranging from Smoothed Particle 
Hydrodynamics and other Particle Methods, Element Free Galerkin Methods, Generalized 
and Extended Finite Elements to the Radial Basis Functions and the Method of 
Fundamental Solutions, are included in this book.  
 
The Conference was organized by the Department of Mathematics and the Department of 
Civil Engineering and Architecture at the Instituto Superior Técnico in conjunction with 
the Department of Civil and Environmental Engineering at the University of Illinois at 
Urbana-Champaign, USA.  
 
The organizers are indebted to Instituto Superior Técnico (both, through the Departments 
of Mathematics and Civil Engineering and through the research centers CEMAT and 
ICIST) for their support of the meeting.  
 
On behalf of all participants, the organizers would like to thank the generous financial 
support of  Fundação para a Ciência e Tecnologia, Centro de Matemática e Aplicações at 
IST (CEMAT), Instituto de Engenharia de Estruturas, Território e Construção (ICIST), 
FLAD, FO, APMTAC, CML, FCG and LNEC for the Conference.  
 
We would also like to express our appreciation to the members of the Scientific Committee 
for their help in reviewing the abstracts and promoting the meeting, to the members of the 
Local Organizing Committee and to the administrative staff of ICIST and DM-IST. 
 
 
Lisbon, July 11, 2005 
 
V. M. A. Leitão  (Instituto Superior Técnico, Portugal) 
C. J. S. Alves  (Instituto Superior Técnico, Portugal) 
C. A. Duarte  (University of Illinois, U.S.A.) 
                                                          
1 The running order of the papers in this book has more to do with the conference schedule convenience than 
with a thematic distribution. 
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Immerse d Electr o h y d r o d y n a m i c s  
Finit e Eleme n t Metho d s 
 
Wing Kam Liu (1)  
 
 
A bst r a c t : The immersed electrohydrodynamics finite element method (IEFEM) is proposed for 
modeling fluid-structure interaction problems unde r an electric field.  In IEFEM, a Lagrangian 
solid mesh co-exists with an Eulerian fluid/electr ic field mesh, hence, the mesh generation for 
complex fluid and moving deformable structure inte raction problems is greatly simplified.  The 
general continuum electro-mechanics equations are solved concurrently with the Navier-Stokes 
fluid equations.  Moreover, fluid, electric field, and solid domains  are all modeled with the finite 
element method and the continuity between the fl uid and solid sub-domains are enforced via the 
interpolation of the velocities and the distribu tion of the forces with the Reproducing Kernel 
Particle Method.  Preliminary multi-scale and multi-physics examples demonstrate that the 
proposed IEFEM provides an id eal modeling platform for the modeling of multi-physics 
biological systems, including heart, arteries and veins, microc irculation blood flow, cell-extra 
cellular matrix interaction, and electric field guided assembly of nanowires. In particular, the 
IEFEM code is being used in the modeling of nano- electromechanical (NEM) sensor fabrications.  
The dynamic process of the attraction, alignmen t, and deposition of nano /bio filaments between 
micro-electrodes is modeled by integrating electrophoretic an d dielectrophoretic forces in 
addition to a drag force caused by electroos mosis.  The various dynamic processes and 
assembled patterns are explored by comparing our simulation results with experimental 
observations.  The NEM sensors will  be used for the measurement of cell traction forces for the 
understanding of the focal adhesi on complex and cell motility. 
Refe renc es 
[1] X. Wang and W.K. Liu, “Ext ended Immersed Boundary Method Using FEM and RKPM,” 
Computer Methods in Applie d Mechanics and Engineering , Vol. 193, pp. 1305-1321, 2004. 
[2] L. Zhang, A. Gerstenberger, X. Wang, and W.K. Liu, “Immersed Finite Element Method,” 
Computer Methods in Applie d Mechanics and Engineering , Vol. 193, pp. 2051-2067, 2004. 
[3] Y. Liu, L. Zhang,, X. Wang, and W.K. Liu, “Coupling of Navier-Stokes Equations with 
Protein Molecular Dynamics and Its Application to Hemodynamics,” International Journal 
for Numerical Methods in Fluids , Vol. 46, pp. 1237-1252, 2004. 
[4] S. Li and W.K. Liu, “Mes hfree Particle Methods,” Springer-Verlag, 2004. 
 
(1) Walter P. Murphy Professor, Northwestern Univer sity, Department of Mechanical Engineering,  
2145 Sheridan Road, Evanston, Illinois,  60208, USA (w-liu@northwestern.edu)  
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To Mesh or not to Mesh.  
That is the questi o n … 
 
Sergio R. Idelsohn (1) (2)  and Eugenio Oñate (2)   
 
 
Abstract : In a previous paper the authors presented a numerical solution using a Lagrangian 
formulation and a point collocation method called  the Finite Point Method (FPM). Lately, the 
meshless ideas were generalized to take into a ccount the finite element ty pe approximations in 
order to obtain the same computing time in mesh generation as in the evaluation of the meshless 
connectivity. This method, called the Meshless Finite Element Method (MFEM), make use of 
special finite element shape fu nctions but has all the advantages of the meshless methods 
concerning the computing time of  the nodal connectivity. The MF EM uses the Extended Delaunay 
Tessellation to build a mesh combining elements  of different polygonal (or polyhedral in 3D) 
shapes in a computing time which is linear with  the number of nodal points. The MFEM is, in 
fact, a particular case of the Finite Element Meth od, with elements of a general polyhedral shape. 
The MFEM shape functions have been used in a recent paper together with a Particle Method to 
solve fluid mechanics problems. 
 
 
At this point several questions arise:  
 
• What is in fact a meshless method?  
• Why are so many people trying to use meshless methods? 
• Which are the difficulties to generate a mesh? 
•  It is the MFEM a meshless method or not?  
• Is better to solve a probl em with or without mesh? 
• Which are the Meshless difficulties? 
• Is a Particle Method the same as a Meshless Method? 
• May a Particle Method use a Mesh? 
 
 
This presentation starts with a discussion about th e problems to generate a mesh, the problems to 
use a meshless method and finishes by solving some  fluid mechanics problems using the Particle 
Finite Element Method. It must be noted th at fluid mechanics problems with a moving free-
surface are particular applications where the need of a Particle Me thod is clearer. In any case, 
the discussion and conclusions of this presenta tion are valuable for m any other applications. 
Before solving a partial different equation by  a numerical method, a possible question or 
alternative may be either to use a mesh method or a meshless method. This  presentation discusses 
this issue to show that this question is not the right question.  
                                                          
(1) Internacional Centre for Computational Methods in Engineering, CIMEC-INTEC, Universidad Nacional 
del Litoral and Consejo Nacional de Investigaciones Científicas y Técnicas, Guemes 3450, 3000 Santa Fe, 
Argentina (sergio@ceride.gov.ar)  
(2)  International Center for Numerical Methods in Engin eering, CIMNE, Universida d Politécnica de Cataluña, 
Gran Capitan s/n, 08034 Barcel ona, Spain (onate@cimne.upc.edu)  
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A New Backus-Gilbert Meshless Approximation Method
for Initial-Boundary Value Partial Differential Equations
C. D. Blakely(1)
Abstract: The purpose of this paper is to introduce a new Backus-Gilbert approximation method
as a tool for numerically solving initial-boundary value problems. The formulation of the method
with its connection to the standard moving least-squares formulation will be given along with some
numerical examples including a numerical solution to the viscous nonlinear Burgers equation in
two dimensions. In addition, we highlight some of the main advantages of the method over previous
numerical methods based on moving least-squares in order to validate its robust approximating
power and easy handling of initial-boundary value problems.
Keywords: Meshless Approximation, Moving Least-Squares, Radial Basis Functions Numerical
PDEs
1 Introduction
As with other moving least-squares techniques for solving partial differential equations such
as the ones found in Belytschko, Lu, and Gu [5], and Fasshauer [8], one of the main advantages
of these methods comes from the fact that no computational mesh of the domain is needed. This
leads to an easy implementation of the method on domains which have complex geometries where
a mesh as constructed in finite-element type methods can be tedious and non-trivial.
While meshless methods have grown to become popular for dealing with multivariate approx-
imation problems, extending these methods for their use in solving partial differential equations
have lead to a variety of different techniques typically based on either a Galerkin formulation where
numerical integration is used (typically called element-free Galerkin) or a collocation technique.
This new MLS method is based on collocation and thus no numerical integration is required. In
regards to pure collocation techniques, the first meshless collocation method applied to numerically
solving partial differential equations was developed by Kansa in [9] where direct interpolation using
translations and dialations of radial basis functions, notably multiquadric functions, approximated
the solution and its derivatives. Thereafter, successfull applications of the method to elliptic and
time-dependant problems such as the shallow-water equations began appearing. However, as stud-
ied in many papers such as [11], the condition numbers associated with the interpolation matrices
are extremely large and grow as the amount of collocation nodes in the domain increased. Fur-
thermore, when using globally supported radial basis functions such as the multiquadric function
used in [10] which possess the best approximation results as opposed to compactly supported radial
functions, the shape parameter β controlling the dialation of the function has been demonstrated in
1University of Maryland, Center for Scientific Computation and Mathematical Modeling,
cblakely@cscamm.umd.edu.
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numerous papers to be extremely sensitive to the multivariate scattered data interpolation in terms
of convergence of the approximation. Finding an optimal or near optimal shape parameter for a
certain problem can so far only be accomplished numerically, namely no a priori knowledge of an
optimal shape parameter which minimizes the error in any norm can be found analytically. This is a
severe hinderance to the method since finding an optimal shape parameter for very large problems
where node counts reach an order of O(105) can be computationally infeasable.
In [8], a moving least-squares approximation for time